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We, SnAKP & DoHMB. Incohposated, a 
corporation organised and existing under 
the laws of the State of Maryland, United 
States of America, of 640, North Broad 
5 Street, Philadelphia, State of Penn- 
sylvania, United States of America, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 

10 and ascertained in and by the following 
statement : — 

This invention relates to improvements 
in the production, storage, preservation, 
restoration, dispensing and administra- 

15 tion of biologically active substances. 
More particularly the invention relates 
to the production, storage and preserva- 
tion of lyophilic biologically active sub- 
stances obtained by the processes of our 

20 co-pending applications Nos. 351/35 
(Serial No. 450,145) and 356/35 (-Serial 
No. 450,146), and in the restoration, dis- 
pensing and administration thereof. The 
invention includes improvements both in 

25 process and in apparatus. 

In the specification of our application 
No. 861/35 (Serial No. 450,145) we have 
described the production of lyophilic 
biologically active substEtnces such as 

30 sera, etc.. by substantially instantaneous 
freezing of tie fresh liquid substance to 
the completely frozen, solid state by 
indirect contact with a low temperatTire 
refrigerant, removal of ice by sublima- 

35 tion from the solid frozen material, 
without previous crushing or comminution 
of the material, by the application of a 
high vacuum thereto and, if desired, with 
regulated warming of the mat'erial, 

40 without melting or softening of the 
material. 

In a preferred embodiment of the said 
invention, the serum or other material is 
rapidly frozen while in a thin layer (or 

46 in successive thin layers) on the wails of a 
flaci or container to the outside of which 
is appUed a low temperatmre refrigerant 
such as acetone-dry ice mixture or 
liquid air. The container having the 

50 material rapidly frozen in a thin layer 
or in thin layers on its inner walls is 
externally exposed to the air at ordinary 
temperature, and is connected to a con- 
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denser maintained at a very low tempera- 
ture by iromersion in a low temperature 65 
refrigerant such as acetone-dry ice 
mixture and the apparatus is subjected 
to a high vacuinn. 

When the dyophilic biologically active 
subst-ances are thus prepared, the product 60 
occupies practically the same space as 
the frozen material before the sublima- 
tion or vaporization of the ice therefrom. 
The product is porous and sponge-like 
with the structiu-e of the colloidal par- 65 
tides apparently imchanged except for 
the freezing of the water and the evapora- 
tion of the ice therefrom. The product 
is apparently interspersed w^ith a rela- 
tively minute net work of rhinute capil- 70 
lary pores or passages from which the 
frozen water has been removed by sub- 
limation. The product is characterised 
by a light porous texture, is friable, and 
may have a density, for example, of 75 
about 0.13 in an impulverised state. 
Under the microscope, pieces of the pro- 
duct present a capillary net-like st-ructure. 

•Such lyophilic biologically active sub- 
stances have improved stability and 80 
keeping properties, when properly pro- 
tected, and it is an object of the present 
•invention to supply such substances in 
sealed containers in which they are pro- 
tected and from which they can be 85 
restored to a liquid condition, similar to 
the original liquid serum, etc.. by the 
apphcation of water thereto without 
destroying the vacuum in which they are 
maintained. ^ 

It is a further object of the invention 
to provide for the production of such 
lyophilic product from fresh liquid 
biologically active product in the fkial 
container in which the lyophilic product 95 
is maintained under a high vacuum until 
it is to be restored or used. 

It is a further object of the invention to 
combine the preparation of the new 
lyophilic substance from the fresh liquid 100 
biologically active substance by carrying 
out the freezing operation, and the sub- 
limation of ice under a high vacuum from 
the frozen soUd, with the preserving of 
the resulting product in an evacuated 105 
container by sealing the evacuated 
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container after the lyophilic substance 
has been prepared therein, and substan-' 
tially without breaking the yaouum or 
admitting atmospheric air« 
5 It; is a further object of the invention 
to provide containers for containing the 
new lyophilic biologically active sub- 
stance which enable the lyophilic sub- 
stance to be directly prepared and kept 

10 in an evacuated form and restored by 
ihe addition of water thereto without 
breaking the vacuum. • 

It is a further object of the invention 
to provide an attachment for attaching 

15 to bottles or other stoppered, containers, 
which permits the production of the new 
lyophilic substance, the sealing of the 
evacuated container, and the restoration 
of the substance to a liquid condition by 

20 the addition of water substantially with- 
out destroying the vacuum. 

This and other objects of the inven- 
tion will appear fi-om the following more 
detailed description. 

25 The invention is of more or less general 
application to the production of lyophilic 
biologically active substances from fresh 
liquid biologically active substances such 
as sera of various kinds, — normal, con- 

30 valescent, homologous, anti-bacterial, 
anti-toxin, etc., water extractives of 
vegetable or animal matter having bio- 
. logical activity which are adversely 
affected by iime, temperature and pre- 

35 servativea when kept after preparation, 
etc. Such biologically active substances 
are used in the diagnosis, prevention and 
treatment of diseases of man and animals, 
and, as ordinarily prepared in a fresh 

4:0 liquid st-ate, have a limited life and 
deteriorate in their activity or value by 
time, temperature, hydrolysis, oxidation, 
etc. As examples of such materials may 
be mentioned, normal horse serum, anti- 

45 toxins, such as scarlet fever, tetanus and 
diphtheria, anti-toxins, anti-venin and 
other sera, etc. 

The fresh liquid biologically active 
substances are first converted into a 

50 lyophilic state in accordance with the 
process of our said application No. 85,185 
(Sei'ial No. 450,145) by placing the liquid 
substance in a suitable container, rapidly 
freezing the safe by immersing the con- 

65 tainer in a low temperature refrigerant 
such as liquid air, and subjecting the 
container to a high vacuum tq remove the 
ice from the solid frozen material with- 
out heatine: it to the melting or softening 

60 point. The almost instantaneous freez- 
ing of the liquid apparently converts the 
water into the forni of exceedingly fine 
ice crystals, ^nd the high vacuum 
• applied, with regulqted warming of the 

65 container to neutralize the heat of sub- 



limation or vaporization of the ice with- 
out melting or softening the solid frozen 
product results in the sublimation or 
evaporation of the ice crystals to leave 
the porous lyophilic product occupying 70 
practically the same space as the frozen 
solid before the removal of ihe ice there- 
from. 

According to the present invention, 
the freezing of the liquid sera, etc., and 75 
the sublimation or vaporization of ice 
therefrom are carried out in the final con- 
tainer in which the resulting lyophilic 
product is to be preserved under a high 
vacuum, and, after the lyophilic pro- 80 
duct has thus been prepared, the sealing 
of the container being effected without 
destroying the vacuum, whereby the 
lyophilic material is maintained under a 
high vacuum throughout the process and 85 
in the final container. 

By preparing the lyophilic product in 
the final container in this way it retains 
the form or shape of the frozen material. 
Thus where the liquid is introduced into 90 
the container at the outset of the process 
and frozeii in the form of a thin layer 
on the interior- wall of the container, 
and when subsequent added layers of 
liquid are added and frozen, there will 95 
be built up a body of considerable thick- - 
ness or depth in the container, and, when 
the ice is sublimed from the solid frozen 
material, the resulting lyophilic solid 
will occupy the same space, and retain 100 
the same shape, as the frozen material. 
When the material thus produced is then 
sealed in an evacuated container it is pre- 
served in the form in which it is prepared, 
without disturbance; and, when water is 105 
later, intioduced through the perforable 
closure to restore the material to a liquid 
form, it will act upon this light porous 
body and rapidly penetrate it because 
the evacuated nature of the material 110 
causes the water, entering at atmospheric 
pressure, to be forced rapidly into tho 
porous matei*ial. 

The final containers, in which the pro- 
cess is carried out may vary from small 115 
containers, each containing an Individual 
dose or unit of the material, tc larger 
bulk containers in which a bulk quantity 
of the materials is prepared and stored 
until it is desired for use or for sub- 120 
division. The invention is applicable 
not only to the treatment of fresh seruiii 
or other fresh liquid biologically active 
material to convert it into a lyophilio 
form in the final container; but it is also 125 
applicable to the treatment of restored 
lyophnio product, where the lyophilic 
product is first prepared in bulb form 
and is subsequently restored by fhe addi- 
tion of water and subdivided into smaller 180 
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amounts; and it is also applicable where 
difierent batches of Ijophilic material 
are to be blended by mixing them and 
restoring ihem, or by restoring them tp a 

i> liquid form before blending, to obtain a 
composite batch of more uniform com* 
position. The inyention is also applic- 
ahle to the treatment of restored lyophilic 
material, restored by the addition of 

10 water, where the restored material is in 
a concentrated state, because of the 
limited amoxmt of water added for restor- 
ing iff tcom the lyophilic state to the 
liquid state and, with such concenkated 

15 liquid, the present process gives a final 
container with a greatly increased amount 
of lyophilic material as compared with 
the " amount that could be produced in 
said container by the treatment of 

30 original fresh liquid matejrial. The 
method of restoring the lyophilic pro- 
duct to a liquid product for the purpose 
of producing a concentrated product, or 
for iiie purpose of subdividing bulk 

25 material, or for the purpose of blending 
difterent lots of lyophilic material to form 
a composite batdi, followed by relyo- 
philizing of the restored liquid product 
is claimed in our companion application 

30 No. 353/36 (Serial No. 460,146). 

The invention will be further described 
in connection with the accompanying 
drawing showing various types of con- 
tainers illustrative of the invention and 

35 adapted for use in carrying out the pro- 
cess of the invention. In the accompany- 
ing drawings the six figures show 
difierent containers, differing somewhat 
from each other i|i respects hereinafter 

40 pointed out. 

Each of the containers 1 has a heck 2 
closed by a closure which is shown as a 
rubber stopper 3 in all the figures except 
Figure 7, The stopper 8 is of soft 

46 rubber, which fits tightly to maintain a 
vacuum and which will permit a hollow 
tube, such as a hollow needle to be forced 
therethrough, as shown at 6 in Figures 2 
and 8, and the closing of the opening 

-60 when the needle is witiidrawn. 

The containers of Figures 1, 3 aud 6 
have separate projecting tubes 4 through, 
which a vacuum can be applied in carry- 
ing out the process and thcse^ .tubular 

56 extensions are adapted to be sealed by 
heating and drawing out the tubular 
extensions as in the sealing of glass 
tubing. The tub\ilar projections 4, when 
thus sealed, are shown in dotted lines. 

60 In Figures 4, 5 and 6 a syringe plunger 
plug 16 forms the closure for the bottom 
of the receptacle and may in itself have 
a sufiiciently tight fit to hold the vacuum 
in the container ^nthout moving, or an 

€6 added rubber stopper 16 may be used to 



seal the lower end of the container and 
prevent breaking the vacuum until the 
tube is to be used. The tubular con- 
tainers of Figures 4, 6 and 6 are of a size 
and shape adapting them for use in hypo- 70 
dermic syringes. 

In Hgures 6 there is a side opening 13 
in the side of the container and a thick 
rubber band around that part of the con- 
tainer, 60 that a hollow needle or tube 76 
can be inserted through the thick band 
to evacuate the container or to reintro- 
duce water into it. If this band is not 
of sufficient thickness to form a seal when 
the needle or hollow tube is withdrawn, 80 
the band can be turned on the container 
until the opening 13 is closed by an 
unperf orated portion of the band. 

In Figure 7 an ordinary bottle 1 is 
shown wliich may have an ordinai-y 85 
stopper or a stopper 7 held in place by an 
outer screw threaded cap 0. The tube 8 
extends through the stopper 7 and has an 
upper open end 10 closed by the rubber 
stopper 11 and a side connection 12 serv- 90 
ing the purpose of the tubular projections 
4 of Figures 1, 3 and 6. The attachment 
of Figure 7 is an attachment that is 
applicable to ordinary bottles and enables 
them to be used as containers according 96 
to the present invention. 

In the carrying out of the process the 
liquid biologically active substance, such 
as fresh normal serum or other fresh 
liquid serum or other fresh liquid 100 
biologically active product, or the con- 
centrated * liquid product or the restored 
liquid product, restored from the 
lyophilic state by the addition of water, 
is placed in the container 1. If these 106 
containers are imit containers which are 
to contain a dose or unit amount of the 
product such as an amount suitable for 
hypodermic injection or an amount of 
normal serum sufficient for oral 110 
adminisiaration the proper amount of 
liquid serum or other biologically active 
product is introduced into the container 
at the outset of the process. With bulk 
containers, such as flasks or other con- 115 
tainera of several liters capacity, a large 
amount of fresh liquid product or of 
blended fresh liquid products or of 
restored liquid products, restored by the 
addition of water to the lyophilic 120 
material, or mixtures of restored liquids, 
is placed in the container at the outset of 
the process. 

In each case the material in the con- 
tainer is subjected to rapid and almost 126 
instantaneous freezing by immersing the 
container in liquid an* or other low tem- 
perature refrigerant as described in our 
application No. 851/86 (Serial No. 
460,146). The container is then sub- 130 
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jected to a high vacuum, approaching a 
perfect vacuum, and the container is per- 
mitted to wax-m up by contact with the 
air or by regulated heating during the 
5 sublimation or vaporization of the ice 
from the solid frozen material and with- 
out softening or melting the material 
during the removal of ice therefrom, as 
described in our said application. 

10 With the containers of Figure 1, 3 and 
5, the vacuum can be applied for the pur- 
pose of removing the ice through the 
tubular projections 4 and when the ice is 
removed and the final lyophilic product 

15 is produced the container can be sealed 
by healing and melting the tubular glass 
projections 4 until the glass softens and 
closes the tube in a manner well known 
in sealing ampules and siniilar glass 

20 receptacles. The vacuum can similariy 
be applied through the tubular projec- 
tion 12 of Figure 7 which can similarly 
be sealed. 

With the recept'acles of Figures 2 and 

25 4 the evacuation of the container for the 
purpose of removing ice from the frozen 
material can be accomplished by forcing 
the tubular needle 6 or similar tube 
through the soft rubber stopper 3; and, 

30 when the removal of ice is complete the 
evacuated container can be sealed by 
withdrawing the tube, the rubber stopper 
being of a soft rubber composition which 
holds the vacuum when the tube is with- 

35 drawn. 

In the receptacle shown in Figure 6 
evacuation can be accomplished by forc- 
ing a needle or tube through the soft 
rubber band 14 and after the removal of 

40 ice is complete the band can be turned 
on the container and the tube withdrawn 
in a manner to leave an unperforated por- 
tion of the rubber band closing the open- 
ing 13 and holding the vacuum. 

45 By proceeding in the manner described 
the liquid biologically active substance is 
protected from Izhe atmosphere horn the 
time it is inserted into the container and 
evacuated and the container is finally 

50 sealed in an evacuated state without 
having released the pressmre and 
admitted air into the container. 

With many of the biologically active 
substances a brief contact with atmo- 

55 spheric air after the liqmd products have 
been converted into the solid lyophilic 
state is not objectionable. If air is 
admitt'cd into the, receptacle after the 
lyophilic product has been produced in it, 

60 the receptacle can be again evacuated, 
for example, by inserting a hollow needle 
or tube connected to a high vacuum pump 
through the soft rubber stopper 3 or 1J, 
exhausting the container and then v*i1h- 

65 drawing' the needle and permitting the 



rubber stopper to hold the vacuum :n the 
receptacle. 

The attachment of Figure 7 has the 
important advantage of enabling an 
ordinury bottle or container to used, 70- 
such as an ordinary three-ounce or live- 
ounce bottle. If the attachment is 
applied at the outset of the process the 
vacuum is applied through the tubular 
extension 12 and when the process is com- 75- 
pleted this glass projection can be heated 
and softened and the receptacle closed 
and sealed to hold the high vacuum in it. 

The attachment is also a valuable 
attachment to use with large containers, 80^« 
or containers which have had the solid 
lyophilic product produced in it before 
iie attachment is apphed. By produc- 
ing a large container having a bullc 
charge of the lyophilic material in it, 85- 
disconnecting it from the vacuum pulp 
and condenser, and then applying the 
attachment shown in Figiire 7 the con- 
tainer cap be again evacuated and then 
sealed to hold the vacuum in the 90 
container. 

In all cases the liquid biologically 
active product will be first frozen rapidly 
and tbe ice will then be removed from the 
solid frozen product under a high 96"- 
vacuum. In all cases the form in which 
the solid lyophilic material will remain 
in the final contsdner will be the form in 
which the liquid material is initially 
frozen. Thus in Figure 1 the liquid 100- 
may fill an ampule nearly fuD, this 
liquid frozen, and the ice removed from 
it to give a body of material 6 having 
the same volume and shape as the solid 
frozen material before the removal of ice 105^- 
from it. With an ampule or bottle such 
as shown in Figure 2 the moving of the 
container with the liquid material in it 
while it is being rapidly frozen, or the 
addition of the liquid material in succes- 110 
sive amounts to build up successive layers 
of frozen material may give to the frozen 
material and to the resulting solid 
lyophilic material an irregular shape such 
as indicated at 6 in Figure 2. Similarly 115- 
with the receptacles of the other figures 
the form of the-^olid lyophihc material 
shown at 6 will correspond to the form of 
the frozen " liquid product before the 
removal of ice from it. 120* 

With all of the receptacles shown the 
solid lyophilic material will be kept under 
a high vacuum until it is to be restored 
for further use. This restoring is readily 
- accomplished by iiiserting a hypodermic 125~ 
needle or other tube through the soft 
rubber stopper. Since the containers are 
imder high vacuum the water will bo 
drawn in by the vacuum and will rapidly 
penetrate the evacuated porous solid 1*30^ 
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material. By thus adding water to the 
lyophilio product in the contabaer with- 
out brealang the vacuum, prompt and 
complete restoration to a liquid state ia 

5 readily accomplished. li the water com- 
pletely fills the evacuated container and 
if atmospheric pressure la applied to the 
water it will force the water into all 
parts of the porous material- If the water 
10 fills the container only partly but covers 
the porous material, and if atmospheric 
air pressure is then permitted to act on 
the surface of the water it immediately 
forces it throughout the evacuated porous 

15 material and promotes the restoration. 
This action of the water when it is 
introduced into the evacuated container 
forms a valuable and important test of 
the vacuum in the filled container and, 

20 if the container has lost its vacuum, and 
the water does not readily penetrate the 
material when it is introduced and atmo* 
spheric pressure is admitted, it is a warn- 
ing that the material has not been pro- 
'25 perly maintained under a vacuum. 

In all cases where the vacuum has been 
maintained the restoration of the 
lyophilic material to a liquid state for 
administration or for further use is 

80 readily accomplished in the manner 
above described and a liquid product 
produced comparable in properties with 
the original fresh serum or other biologic- 
ally active liquid product. 

85 It is not necessary to maintain the 
vacuum when the product is being 
restored in cases where the product is to 
be removed from the receptacle, for 
example, for oral administration; and 

40 in that case, the stopper 3 or 7 can 
readily be removed and water introduced 
through the opening to dissolve or restore 
the lyophilic material to a liquid state. 
It will thus be seen that the present 

45 invention provides an improved method 
of providing solid lyophilic biologically 
active materials in a state that insures 
their protection and preservation in the 
final container; that the removal of the 

60 ice feom the solid frozen material under 
a high vacuum can be followed directly 
with the sealing of the evacuated con- 
. tainer to hold the lyophilic material from 
contact with air until it is to be used; 

55 and that the material can be restored to 
ite liquid state without destroying the 
vacuum and without contact of air until 
it is restored to its liquid condition. 

When the restored liquid material is 

60 to be used in a hypodermic syringe the 
containers shown m Figures 4, 5 and 6 
are advantageously employed with the 
removal of the stopper 16 where this is 
used, the perforation of the stopper 3 

65 with one end of a hypodermic needle, or 



with a hollow tube connected to a hypo- 
dermic needle, and the use of the 
plimger 16 as the piston to force the 
restored liquid out into and tbrougb the 
needle for administration. 70" 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — ^ 75 

1. A process of preparing lyophiho 
biologically active substances by the 
process described and claimed in 
Specification No. 851/35 (Serial No. 
450,145) in a final container, which 80 
comprises introducing liquid biologic- 
ally active substances into the 
contahier, substantially instantaneously 
freezing the same therein to a com- 
pletely frozen solid condition by indirect 85 
contact with a low temperature refriger- 
ant, removing ice by sublimation from 
the solid frozen material, without previous 
crushing or conmiinution of the material, 

by application of a high vacuum thereto 90 
without melting or softening of the 
material, and sealing the resiHting solid 
lyophilic product in the container in an 
evacuated state, the sealing of the con- 
tainer i being effected substantially with- 05 
out destroying the vacuum whereby the 
lyophilio material is maintained under a 
high vacuum throughout the process and 
in the final container. 

2. A process according to claim 1 lOO' 
wherein the contemner is connected to high 
vacuum producing means by means of a 
glass tube, said container being sealed by 
heating and softening said tube until the 
glass softens and closes the tube. 105 

3. A process of preparing lyophilic 
biologically active substances obtained 
according to claim 1 or 2 in the liquid 
state in said final contaipor, which com- 
prises adding water to the evacuated con- 110 
tainer without destroying the vacuum 
before the water ia applied. 

4- A container when used in carrying 
out the process claimed in claim 1, 2 or 8 
comprising a perforable rubber clos\u:e 115 
adapted to permit the insertion of a small 
tubular member therethrough and to seal 
the container and hold the vacuum when 
said tubular member is removed. 

5. A container when used in carrying 120 
out the process claimed in claim 1, 2 or 
3, having a neck and rubber closin-e for 
said neck, said, tube having an open- 
ing therethrough with a glass tube fitting 
said opening, said tube having at one 125 
end a perforable rubber stopper adapted 
to permit the insertion of a small tubular 
member therethrough and the with- 
drawal thereof and the closing of the 
opening made by said member, and said 130 
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glass tube also having a sealed side con* 

nection adapted to be used, before seal- Dated the 4th day of January, 1936. 
ing, to permit the eyaouaiaon of the 

container. SHABP & DOHME, INCOBPOBATED, 

,4 6. The process for the production of Per; Boult, Wade &Temiant, 

lyophilic biologically active Bubstanoes 111/112, Hatton Garden, London, E.0.1, 
in a final container substantially as Ohartered Patent Agents, 

described. 
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